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DISCUSSION ON CHRONIC PYELONEPHRITIS Professor M. L. Rosenheim:
Clinical Aspects It is difficult for a clinician to open a discussion on a condition which only a pathologist can clearly define and diagnose. Pathologically the term "chronic pyelonephritis" is applied to kidneys which show irregular areas of scarring with characteristic histological features, the kidney often being reduced in size and its surface coarsely irregular. Histologically the scarred areas show hyalinization of glomeruli with periglomerular fibrosis, dilatation of tubules which characteristically contain pink staining colloid material, interstitial infiltration and fibrosis and often considerable vascular changes. These changes may be widespread throughout the kidney or there may be localized areas with relatively normal renal tissue interposed. The changes are readily recognizable and the diagnosis presents little difficulty on histological grounds. These features are, as Dr. De Navasquez will show, usually the end-result of inflammatory lesions in the kidney.
It is now generally believed that acute pyelonephritis is a blood-stream infection and that, before organisms appear in the urine, inflammatory changes occur in the kidney. It is probable that even the so-called ascending pyelonephritis complicating lower urinary tract obstruction with cystitis, is often the result of blood-stream spread. Most cases of acute pyelonephritis are coliform in origin and, in the vast majority, the infection of the urinary tract can be rapidly cured with, as far as we know, little subsequent trouble. In the presence of abnormalities of the urinary tract, congenital anomalies, hydronephrosis, calculi or underlying tuberculous infection, persistent or recurrent coliform infection is common. Even if the urine is not infected and, in fact, even if there is no clinical history suggestive of an acute pyelonephritis, scars of chronic pyelonephritis are commonly found in the kidneys of patients with such abnormalities. We are still uncertain whether an acute uncomplicated coliform pyelonephritis occurring in a previously healthy urinary tract ever leads to chronic pyelonephritis. It is probable that some underlying obstruction to urinary flow must also be present. Dr. De Navasquez has some fascinating experiments to describe which throw much light on this problem. I shall be particularly interested to hear whether he believes that infection must always play a part, or whether back-pressure alone may lead to the typical histological picture. I have in mind particularly those children with posterior urethral valves who insidiously develop renal failure.
Chronic pyelonephritis may be unilateral or bilateral. It may present with no obvious underlying cause or may be found complicating urological lesions. It is difficult to discuss the frequency of its occurrence, for the lesions and scars may be small and the observed incidence must vary with the care with which the search is made. The typical kidney of chronic pyelonephritis is small, with narrowed and irregular cortex and grossly scarred surface and the diagnosis can, on occasion, be made radiologically. It is worth noting that true chronic glomerulonephritis is always bilateral, of uniform distribution and symmetrical. If the kidneys are shown to differ in size, chronic pyelonephritis, rather than true nephritis is probably present. This raises the question whether the very small kidneys that are sometimes removed surgically on account of either pain, infection or hypertension, are primarily pyelonephritic or congenitally aplastic. It is probable that the true congenital aplastic kidney is often secondarily affected by chronic pyelonephritis and the distinction may be difficult to make. My experience is limited, but my impression is that hypertension does not occur as a complication of congenital renal aplasia unless the changes of chronic pyelonephritis are also present.
Under what clinical conditions may the presence of chronic pyelonephritis be suspected? It may be diagnosed in patients with chronic or recurrent urinary infection, it may be found as a cause of severe hypertension and is not infrequently responsible for the insidious onset of renal failure.
(1) Chronic urinary infection.-Recurrent or persistent urinary infection may be accompanied by the progressive renal scarring of chronic pyelonephritis, though I believe that this is not necessarily the case. A chronic cystitis or true pyelitis may occasionally persist for years with no evidence of renal involvement. The opposite also holds, that progressive chronic pyelonephritis may occur in the absence of history or clinical evidence of a chronic or recurrent urinary infection. However, 'the association of recurrent infection with secondary renal changes is sufficiently common to make the control of urinary infections a matter of great importance. If a urinary infection cannot be icured or if it recurs frequently, and if the underlying lesion cannot be corrected surgically, the infection should always be kept under control by regular chemotherapy.
(2) Hypertension.-Chronic pyelonephritis is a not uncommon cause of malignant hypertension. Many cases that previously might have been considered due to essential hypertension or chronic glomerulonephritis are now recognized to result from chronic pyelonephritis.
If the pyelonephritis is bilateral, the distinction from chronic nephritis or essential hypertension is of theoretical interest; but if unilateral, nephrectomy may cure the condition. In most cases of severe hypertension cured by nephreltomy the underlying lesion has been chronic pyelonephritis, Section of Medi&ie 629 either simple or complicating some renal abnormality. I shall make only two points on hypertension due to unilateral renal disease: (a) Only a relatively small area of one kidney may be affected. (b) The damaged kidney may function quite well and show up on intravenous pyelography. If total renal function is normal and if the sound kidney is normal in a patient with unilateral pyelonephritis and severe hypertension, nephrectomy is urgent and should not be deferred because the damaged kidney is still functioning.
We do not know why some patients with chronic pyelonephritis develop hypertension while others do not. Severe and widespread arteriolonecrosis may be found in those patients who have malignant hypertension, but in other cases, vascular lesions are limited to the scarred areas, suggesting some form of local arteritis.
(3) Renal failure.-Bilateral chronic pyelonephritis is a common cause of renal failure and, in the absence of a clear story of urinary infection, is often again mistaken for chronic glomerulonephritis. Urxemia may occur with or without hypertension, but insidious renal failure without hypertension is more commonly seen in chronic pyelonephritis than in true nephritis. Where hypertension coexists, progress of renal failure is rapid; where it is absent, the condition is usually only slowly progressive and there is often time for bizarre metabolic disturbances to occur. Chronic pyelonephritis may apparently lead to selective damage to the renal tubules. Impairment of the tubular ability to reabsorb certain ions is sometimes responsible for fascinating clinical syndromes, such as varieties of renal bone disease, episodic hypokalaemic weakness and paralysis and the "saltlosing nephritis" that may mimic Addison's disease. Occasionally an unexplained resistant anwmia is found to be the presenting sign of renal failure due to chronic pyelonephritis.
There is one other characteristic feature of the slowly progressive renal failure of chronic pyelonephritis-marked variation in the degree of failure from month to month. Wide fluctuations of the level of the blood urea may be related to recrudescence or remission of infection, to exacerbation of the obstructive element or to complicating factors such as excessive sodium loss. How far obstruction is primarily responsible for the renal failure in the individual case is always very difficult to determine, but obstructive lesions should, wherever possible, always be corrected.
How can chronic pyelonephritis be diagnosed clinically? There may be a history of past urinary infection and, in the patient who presents with hypertension or with renal failure, a history of recurrent urinary infection may be as significant as one of acute glomerulonephritis. Chronic pyelonephritis should be suspected in patients in whom severe hypertension is of recent or sudden onset, in patients with insidious renal failure with no hypertension and in those with recurrent urinary infections. It has been claimed that the presence of clumps of leucocytes in the urinary deposit, even in the absence of urinary infection, suggest an underlying chronic pyelonephritis, but I have not found urinary microscopy a valuable aid to diagnosis. Slight albuminuria may be present, but the urine is often entirely normal, with no albumin, no cells or casts and no growth on culture. This requires emphasis for urinary abnormalities are not essential for the diagnosis of chronic pyelonephritis. Urological investigation will often lead to the diagnosis, for unilateral renal disease and especially unilateral renal failure are often the result of chronic pyelonephritis, often secondary to some underlying abnormality of the urinary tract. Radiological appearances may lead to the correct diagnosis. As is so often the case, the diagnosis is much more frequently made when the possibility of its occurrence is borne in mind. Chronic pyelonephritis is one of several syndromes that have recently been separated out from the mixed bag of chronic Bright's disease. We must take care not to replace the loose term "chronic nephritis" with a similar indefinite clinical diagnosis of chronic pyelonephritis. The diagnosis can, and should, be made more precise; the presence or absence of underlying abnormality must be specified, we can try to decide whether the disease is unilateral or bilateral, and we can amplify the diagnosis by stating whether the condition is, or is not, complicated by the presence of renal failure or of hypertension. Dr. S. De Navasquez:
Pathological Aspects of Chronic Pyelonephritis There is now general agreement about the morphological features of chronic pyelonephritis which enable one to recognize and separate the condition from other renal diseases. These are asymmetrical contraction of the two kidneys, which is often very marked, associated with scars frequently coarse and giving rise to granular surfaces to which the capsules are adherent.
The microscopic appearances may vary in degree according to the age and distribution of the lesions but for the most part are characteristic. There are areas of replacement fibrosis roughly triangular in shape with the base attached to the capsule and the apex tapering towards the medulla and pelvis. These areas contain atrophied and fibrous glomeruli many of which are surrounded by fibrillary collagen which extends into the interstitial tissue. The tubules show various changes; some are atrophied and are reduced to small solid masses of epithelium while others are distended to cyst-like spaces containing eosinophilic-and therefore presumably protein-containing--clear fluid, surrounded by flat cubical epithelium and showing a superficial resemblance to thyroid tissue. These cyst-like tubules are considered to be typical of chronic pyelonephritis (Weiss and Parker, 1939) and have not been seen in any other renal disease (Platt and Davson, 1950) . In addition to these parenchymatous changes, there is usually a chronic inflammatory exudate of lymphocytes and plasma cells confined to the areas of fibrosis. The intervening renal tissue between the scars, when this is present, shows hypertrophy of the entire nephron. Bacteria are seldom demonstrable. Such is the morphological picture of chronic pyelonephritis. The pathogenesis is less well defined. One can reasonably assume on the clinical and pathological data that the final stages of the disease are represented by contracted granular kidneys and renal failure and that the greater the replacement fibrosis of the renal parenchyma, the older and more severe the disease, but these changes are only the end-results of a process which began with an original bacterial infection of the kidneys and which has progressed without revealing its precise evolution. Purely morphological studies (and these have been extensive since Bright's original description over 100 years ago) are not likely to shed further light. It is to the experimental method, which also has its own limitations, that we should turn for further knowledge.
The experimental methods I have used in producing chronic pyelonephritis have been described elsewhere (De Navasquez, 1950) . A brief summary, however, is relevant to a consideration of the pathogenesis of this disease. Normal adult rabbits were injected intravenously with suitable doses of Staphylococcus pyogenes and many of them produced an acute pyelonephritis of limited duration with pyuria, pyrexia and an increased blood urea. A high proportion of animals survived from the infection and returned to apparently normal health and remained so for varying periods up to 2 to 3 years. During this time, however, some of the rabbits would begin to lose weight with increased blood urea and die. The urine would contain albumin but was sterile. The only lesion found post mortem was unequal contraction of the kidneys which showed coarse scars closely resembling those seen in human pyelonephritis. The histological similarities were even more striking. Areas of replacement fibrosis alternated with areas containing hypertrophied nephrons. Interstitial fibrosis with chronic inflammatory cells was present and cystic distension of tubules were a common feature.
So far, experiment has established that a bacterial infection of the kidneys can lead to the formation of scars without the persistence of bacteria which disappear spontaneously after producing suppuration. Furthermore, such a transient infection may initiate changes in the nephrons which are progressive and which may terminate in renal failure after a considerable lapse of time. Microscopic examination by serial section reveals a constant finding, which is the presence of scars which interrupt the continuity of the nephrons at many levels. The mechanical consequences of such fibrous strictures in the ducts of an excretory organ are familiar and readily seen in the hydronephrotic ureter. The tubules are part of the same tubular system which begins at the glomerulus and ends at the urethra and are therefore liable to the same mechanical effects of obstruction and I believe that the cystic dilatation of the tubules seen in pyelonephritis represent what one might term an "intrarenal hydronephrosis". There is, however, a complicating factor in that such hydronephrotic tubules are closely intertwined with surviving and hypertrophied nephrons which probably interfere with the normal pressure gradients and which may limit their distensibility according to the level in the nephrons at which obstruction occurs. Although these mechanical considerations may reasonably account for the morphological picture, they appear to be inadequate in explaining the progressive diminution in function, leading eventually to renal failure.
During the course of experiments still in progress, it was found that rabbits with kidneys scarred by past pyelonephritis but secreting a sterile urine, were much more liable to reinfection of the kidneys from bacteria circulating in the blood, either when introduced artificially by intravenous injection or during the course of a naturally acquired infection. The mechanism which determines the localization of bacteria in scarred kidneys is still being investigated but it is thought that slowing of the blood stream in the granulation tissue of the scars and in -atrophied nephrons is a -likely factor, as this would allow time for micro-organisms to multiply to sufficient numbers to produce a suppurative lesion. Recurrent infection is clearly an additional factor which, by destroying more nephrons and causing replacement fibrosis will lead to further reduction in functional capacity. Such infections are usually transient and may well escape clinical notice, hence the almost invariable absence of demonstrable bacteria either in the kidneys or urine of chronic pyelonephritis in man. It is tempting to believe that a spreading suppurative lesion affecting any area df the kidney will sooner or later involve patent nephrons in the vicinity and thus discharge its contents of pus and bacteria into natural channels where they are drained by the flow of urine, thus limiting the duration of the infection.
Though the contraction of the kidneys and diminished renal function may reasonably be attributed to atrophy and replacement fibrosis affecting part or whole of a few or many nephrons, the diverse clinical syndromes which may be seen in chronic pyelonephritis cannot be explained on a purely quantitative basis. Oliver (1944 45) has shown by microdissection of nephrons in contracted kidneys, the great variety of malformations which may occur. The apparently haphazard distribution of aglomerular nephrons, blind or shortened patent tubules must surely affect the functional capacity, both quantitatively and qualitatively. The nephron is rightly considered to be the functional unit of the kidneys but its constituent parts of glomerulus, convoluted tubules, ascending and descending loops have different functions within the unit and may not the different biochemical effects such as loss of electrolytes seen in some and not other cases of pyelonephritis be related to a preponderant loss of one or other component of the nephron? The answer must wait until such time when we will be able to assess separately the functions of these different components and which will also enable us to estimate the powers of regeneration, hypertrophy and adaptation of each part.
So far we have considered chronic pyelonephritis as a distinct pathological entity, the evolution of which depends on the following consecutive events:
(I) Htmatogenous infection.
(2) Acute pyelonephritis (Primary; staphylococcal).
(3) Organization and replacement fibrosis.
(4) Intrarenal hydronephrosis.
(5) Recurrent pyelonephritis (Secondary; coliform). (6) Chronic pyelonephritis. When these events occur in both kidneys which are free from extrarenal obstruction such as hydroureter, the resultant pyelonephritis presents naturally as a medical disease, but is there, in fact, any difference beyond one of degree, between the localized changes seen in part or whole of one kidney affected by obstruction of the ureter by, say, a stricture or calculus, which is seen mainly in surgical practice? I find it very difficult, if not impossible, to distinguish between the histological features of the scar proximal to a surgical lesion such as calculus or tuberculous focus and that seen in the kidneys of bilateral chronic pyelonephritis. We accept hematogenous infection in extrarenal hydronephrosis, it seems reasonable to do so likewise in the miniature hydronephrosis within the kidney. The mechanical consequences are similar in both, varying only in degree, extrarenal obstruction affecting the whole kidney, intrarenal obstruction affecting only that part of the nephron proximal to the obstruction and depending on the level of the nephron at which it occurs and its extent, whether diffuse or focal, will determine the more varied picture seen in chronic pyelonephritis.
There were 847 children who were closely watched throughout the first five years of life and in that time 4 of them developed pyelonephritis. That incidence of 4 in 847 compares with 5 cases of pyogenic meningitis, 4 of intussusception and 3 of pyloric stenosis. In this sample, then, these diseases all occurred with about equal frequency but their response to treatment and duration in hospital was very different. The cases of meningitis and so on were only in hospital for a week or two whereas those with pyelonephritis were all repeatedly admitted and spent an average of a month there altogether. Pyelonephritis, in fact, accounts for many of the admissions of children to hospital. During the past four years, excluding those children admitted for removal of tonsils and adenoids, there have been an average of 14 cases for every 1,000 children admitted to hospitals in the Newcastle area. That represents quite a large problem, especially as 60 % of the cases were chronic, necessitating long stays in hospital.
If now the incidence of pyelonephritis in children is studied more closely two significant features stand out. Firstly, the disease is more common in females and secondly, it particularly affects the younger age groups. The sex difference is, of course, well known but it does not hold so much for the youinger age groups when the female dominance is not nearly so marked. In infancy the female preponderance is less than 2 to 1 whereas in those who start the disease after the first year of life the ratio is nearly 9 to 1. Indeed it is relatively uncommon after infancy for boys to contract the disease.
Turning to the age incidence, Fig. 1 shows the age of onset of symptoms in 156 cases and demonstrates how much more frequently pyelonephritis begins in the first year of life than at any other time.
If pyelonephritis occurs fairly frequently in childhood and if infants particularly are its victims, one would expect that familiarity with the condition would lead to its ready recognition in this age group. Unfortunately this is not the case and, in my experience, the disease is hardly ever diagnosed by the family doctor or at the Child Welfare Clinic. It is a striking fact that in a series of 85 cases under 2 years of age only once was disease of the renal tract even suspected before reaching hospital. Although some untreated cases may recover spontaneously, in many the consequences of missing the diagnosis and so not giving adequate treatment are serious and the infection smoulders on relentlessly. In these, chronic ill-health or recurrent febrile illnesses may continue throughout childhood and there is evidence that some may die of renal failure, with or without hypertension, in adolescence or early adult life.
It is tragic that such end-results should occur so frequently when, at its onset, the disease is readily curable.
There seem to be three main reasons why in infants the condition is often overlooked:
(1) Symptoms are gastro-intestinal rather than related to the renal tract.
(2) The physical signs are scanty.
(3) The pyuria may be difficult to demonstrate. I would like to consider these in turn. There is a tendency to think of pyelonephritis in infants only as it presents in the acute form. Descriptions since the classical one of Holt in 1894 have emphasized the dramatic nature of the illness with a sudden onset, marked fever, prostration and often rigors or convulsions. Yet the majority of cases start insidiously and become chronic. There is a gradual failure to thrive rather than any dramatic upset. For no obvious reason the child goes off his food, perhaps vomits occasionally, becomes fretful and constipated yet shows very little on physical examination. The diagnosis is then missed, not because of any lack of symptoms or because the doctor is not consulted but rather because the disease is not called to mind. This is understandable, for in infants, in contrast to older children, symptoms directly referable to the renal tract are not usually evident. The baby normally is wet most of the time so that frequency may not be obvious; he cannot complain of pain or burning on micturition and his urine, which soaks into the napkin, is not readily observed either by the mother or the doctor.
Nevertheless, the clinical picture is distinctive and surprisingly consistent. Table I gives the incidence of symptoms and it will be seen how those of the gastro-intestinal tract predominate. Anorexia is practically invariable, solids in particular being refused. Vomiting is almost as characteristic and often occurs in bouts. These two symptoms-anorexia and vomiting-lead to both constipation and a failure to gain weight. In addition, although some babies with pyelonephritis are good and placid throughout their illness, in the majority fretfulness is a striking feature-there being all grades from just misery when the bottle is presented, to actual 'streaming attacks as if in pain. Table I also shows that in spite of what I have just stated many do have symptoms related to micturition, especially frequency or a smelly urine, but the point is that these have to be asked about and are rarely volunteered by the mother. Finally only a few cases have convulsions which are thus not particularly characteristic of pyelonephritis. In spite of the number and prominence of the symptoms of pyelonephritis in infancy, physical examination usually reveals surprisingly little and one may be tempted to think the mother's anxiety is unwarranted. It is only the severe cases with relatively long histories that look really ill and have sallow complexions with pallor and marked wasting.
In infants then the diagnosis of pyelonephritis is chiefly suspected on the history, and the moral is that the urine should be examined in any infant with unexplained anorexia, bouts of vomiting or loss of weight.
This brings me to my main point. Confirmation of the diagnosis of pyelonephritis depends upon the demonstration of pyuria. The bacteriology of catheter specimens of urine may support the diagnosis but, because contamination can occur so readily, it cannot form its basis. Now the pyuria, at any rate of chronic pyelonephritis, may only be intermittent and then only modest in amount. The intermittency is a well-known fact and one of the best demonstrations of it was by Geisinger (1931) . Obviously the diagnosis of pyelonephritis cannot be ruled out on the finding of one or two normal urines and in a suspected case repeated specimens may need to be tested.
The pyuria may be only very slight and it is essential to recognize the difference between a high normal excretion of leucocytes in the urine and a low-grade but significant pyuria. This is not always possible using the customary method of counting cells per highor low-power microscope field. For one thing there does not seem to be agreement in interpreting results when only a few cells are present and opinions differ as to how many cells may normally be found. Some accept up to 6 or 8 cells in each high-power field and others do not think that there should be more than 1 or 2 in a low-power field-a considerable difference. Then, of greater importance, the method is so haphazard and crude that it will only detect relatively gross amounts of pyuria.
We in Newcastle have adopted the routine of counting the number of pus cells in a cubic millimetre of urine using a counting chamber. The procedure takes no more time than the microscope field count. It seems a perfectly logical thing to do for the cell content of other fluids such as the cerebrospinal fluid or the blood are measured with remarkable accuracy and no one would think of reporting on unmeasured samples. The advantages of doing an accurate urine cell count are enormous. Not only is the method more precise but, and this is the crux of the matter, since a far larger volume of urine is examined slight but significant pyuria is revealed which otherwise would be missed. The results are easily interpreted. One needs to know what are the limits of normal excretion and we have found (Stansfeld and Webb, 1953) that in boys of all ages and in infants of either sex urines mostly contain under 10 cells per cubic millimetre and over 50 cells are rarely found in the absence of renal tract disease. Girls have the same in their catheter urines but, after infancy, those naturally voided may be contaminated and up to 500 cells may be found. These figures are fairly precise, but it is difficult to correlate them with microscope-field counts as the latter vary so much according to the size of the drop of urine held by the coverslip. However, very approximately, an average of one cell in each high power microscope field is equivalent to some 250-500 cells per a * * * * * c.mm. In other words except in girls over a a ooo___year old an average of more than one cell in 10 high-power fields seldom occurs under Being a more sensitive technique, pyuria in * * * *0 cases of pyelonephritis can usually be dis-* * 0 * * tlosed by examining just one or two speci-100 mens and one rarely has to look at repeated so urines. Table II illustrates this by showing  so _ just how many urines were needed for so _ _ _ diagnostic purposes in a series of cases. In so acute cases never more than two specimens -_ were required. In chronic cases, although 30 sometimes many urines needed to be looked at, in by far the majority the first specimen to 20 V be examined was revealing. Treatment of pyelonephritis in children.-This is not always easy and, apart from those having an anatomical lesion in the renal tract, the treatment of the chronic case is a long and hazardous affair. The longer the history the worse the results. 34 cases who had a history of four months or longer averaged three hospital admissions each. It does not seem to be a question of just sterilizing the urine-that is usually easy-the difficulty is to eradicate the infection from the interstitial tissues of the kidney, for unless this is done relapses will occur. For this reason it seems to be a mistaken policy to give smaller doses than usual of drugs because of their concentration in the urine. It is the level of antibiotic in the kidney tissues rather than in the urine that matters. Even when full dosage of drugs is given a prolonged course of treatment is needed. Therapy should go on sufficiently long to allow the kidney tissue to become repaired otherwise reinfection or relapse is liable to occur (Stansfeld and Webb, 1954) .
